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Objective 

A study was conducted to evaluate the Product Testing Laboratory (PTL) Borgwaldt Air 
Permeability Tester AlO (AlO) for the analysis of PaperSelect* and non-banded cigarette papers. 
PTL’s AlO was compared to the AlO used by Commercial Process & Product Development 
(CP&PD) for analysis of banded cigarette papers, PTL’s AlO was also compared to the Cerulean 
PPM 100 Permeability Tester (PPM 100) for the analysis of non-banded cigarette papers. 

Background 

The AlO’s in PTL and CP&PD are equipped with low flow elements necessary for testing the 
very low-permeability bands of banded cigarette papers. Both instruments were initially set up at 
6 bars input air pressure, and comparison testing of banded papers using a 2 x 15 mm measuring 
head yielded results that were not different. PTL’s AlO was also compared to the Cerulean PPM 
100 Permeability Tester for the measurement of non-banded cigarette papers using a 1 x 2 cm 
measuring head. The results were statistically different for some samples tested. It was recently 
determined that for the low flow application, the input air pressure should be set to 4 bars, rather 
than 6 bars, required for a standard laminar flow element. The input air pressure for both AlO’s 
was reduced to 4 bars, and all comparison testing was repeated. 

Comparison of PTL and CP&PD AlO’s 

Twenty replicates each of four commercial cigarette brands with banded cigarette papers were 
tested on both AlO permeability testers, using the recommended 2 x 15 mm rectangular 
measuring head. Prior to testing, each instrument was leak checked and calibrated according to 
the Borgwaldt “Operating Instructions for the Air Permeability Tester AlO.” Twenty cigarettes 
were selected for each brand and the papers were prepared for testing by ripping the cigarettes 
down the seam and removing the tobacco and filter. The papers were trimmed to remove the 
seams. Testing was performed as described in the operating instructions. For each of the four 
brands, the same sample of twenty papers was tested first on PTL’s instrument and then on 
CP&PD’s instrument. The same operator conducted all calibrations and testing. The 
permeability results are reported in Table 1 and in Figure 1. The data were analyzed in Statistica 
and results from the two instruments were found to be not different. 



Mean 

PTL 

SD 

N 

CP&PD 

Mean SD 

N 

t-value 

df 

F-ratio 

variances 

Instrument 
Effect (p) 

Equal 

Variance (p) 


7.2 

2.60 

20 

7.0 

2.66 

20 

0.2903 

38 

1.0537 

0.7731 

0.9104 


9.1 

2.80 

20 

9.3 

3.31 

20 

-0.2091 

38 

1.3991 

0.8355 

0.4711 

CG1834 

13.4 

4.32 

20 

12.6 

3.69 

20 

0.6057 

38 

1.3698 

0.5483 

0.4994 

CG2883 

11.5 

2.54 

20 

13.1 

2.46 

20 

-1.9657 

38 

1.0720 

0.0567 

0.8812 


PM3000993842 


Source: https://www.industrydocuments.ucsf.edu/docs/lylk0001 













Comparison of PTL’s PPM 100 and AlO 




Sample 

Inst. 

Head 

PPM 

1x2 

cm 

CG1519 

AlO 

1 X 2 

cm 

AlO 

2x 15 

mm 

PPM 

1 X 2 

cm 

CG2705 

AlO 

1 X 2 

cm 

AlO 

2x 15 

mm 

PPM 

1 x2 

cm 

CG6240 

AlO 

I X 2 

cm 

AlO 

2x 15 

mm 

PPM 

1x2 

cm 

CG6250 

AlO 

I x 2 

cm 

AlO 

2x15 

mm 

1 

34.5 

41.8 

39.7 

53.7 

59.0 

50.0 

19.2 

16.6 

26.9 

23.9 

26.3 

28.1 

2 

35.1 

38.3 

28.5 

49.4 

64.0 

71.5 

18.3 

21.3 

24.5 

24.4 

22.6 

29.1 

3 

31.6 

38.5 

37.9 

54.9 

44.0 

44.0 

17.3 

19.2 

26.2 

24.6 

23.0 

26,6 

4 

31.6 

35.2 

33.4 

53.3 

55.0 

61.2 

16.8 

15.3 

19.5 

21.8 

21.8 

25.5 

5 

31.7 

32.9 

39.5 

62.6 

52.0 

49.2 

21.7 

19.3 

20.0 

26.6 

23.6 

25.1 

6 

32.3 

30.2 

39.8 

57.5 

57.0 

57.6 

15.3 

18.9 

20.4 

27.3 

24.8 

30.8 

7 

30.0 

30.5 

36,1 

45.0 

65.0 

73.3 

15.0 

15.2 

19.6 

24.5 

28.1 

30.7 

8 

35.3 

40.5 

37.2 

52.5 

52.0 

49.4 

18.0 

17.3 

18.3 

23.4 

23.4 

28.7 

9 

41.3 

32.7 

35.9 

48.7 

48.0 

52.5 

17.9 

14.5 

17.2 

24.1 

25.1 

30.6 

10 

33.5 

34.1 

36.1 

51.9 

49.0 

52.8 

16.6 

17.7 

26.3 

25.7 

21.6 

29.5 

11 

36.1 

33.3 

36,0 

50.7 

60.0 

60.8 

16.0 

15.3 

23.2 

24.0 

23.1 

32.9 

12 

37.9 

32.3 

38.0 

58.9 

55.0 

45.0 

16.6 

16.6 

20.2 

29.5 

26.7 

29.3 

13 

31.7 

31.6 

40.3 

48.2 

52.0 

51.4 

17.3 

18.3 

17.9 

26.8 

23,2 

36.9 

14 

32.8 

31.1 

42.7 

65.4 

63.0 

54.1 

15.3 

17.0 

20.9 

27.4 

24.9 

23.9 

15 

34.2 

29.3 

36.0 

54.1 

47.0 

61.4 

15.4 

14.0 

22.5 

22.6 

20.2 

31.3 

16 

39.1 

30.9 

28.5 

57.8 

54.0 

46.1 

16.2 

17.4 

23.9 

24,5 

24.8 

29.2 

17 

34.6 

36.5 

33.0 

54.3 

53.0 

44.6 

17.7 

17.6 

20.5 

24.7 

24.3 

36.6 

18 

30.9 

34.3 

26.9 

54.0 

57.0 

48.1 

15.7 

14.4 

19.0 

23.8 

28.1 

30.0 

19 

31.1 

34.8 

31.1 

49.7 

51.0 

46.6 

20.9 

16.9 

20.0 

25.8 

20.8 

25.8 

20 

37.2 

28.7 

31.1 

53.8 

52.0 

44.0 

19.5 

16.9 

20.1 

23.8 

24.0 

23.2 

Avg. 

34.1 

33.9 

35.4 

53.8 

54.5 

53.2 

17,3 

17.0 

21.4 

25.0 

24.0 

29.2 

SD 

3.0 

3.7 

4.4 

4.9 

5.7 

8.7 

1.9 

1.9 

2.9 

1.8 

2.2 

3,7 


6 


PM3000993843 


Source: https://www.industrydocuments.ucsf.edu/docs/lylk0001 











Comparison of PTL’s AlO and PPM 100 

Twenty replicates each of four commercial cigarette brands with standard cigarette papers were 
tested on PTL’s AlO and PPM 100 permeability testers, using their respective 1 x 2 cm 
rectangular measuring heads. The same papers were tested again on the AlO, using the 2 x 15 
mm measuring head. Prior to testing, each instrument was leak checked and calibrated according 
to the PPI or operating instructions. Twenty cigarettes were selected for each brand and the 
papers were prepared for testing by ripping the cigarettes down the seam and removing the 
tobacco and filter. The papers were trimmed to remove the seams. Testing was performed as 
described in the operating instructions. The same operator conducted all calibrations and testing. 
The permeability results are reported in Table 2 and Figure 2. 

The data obtained using the 1 x 2 cm measuring heads for both instruments were analyzed and 
found to be not different (Figure 2). 


PPM 100 and AlO with 1x2 cm Measuring Head 



PPM 100 

Mean SD 

N 

Mean 

AlO 

SD 

N 

t-value 

df 

F-ratio 

variances 

Instrument 
Effect (p) 

Equal 

Variance (p) 

CG1591 

34 

3.0 

20 

34 

3.7 


-0.2350 

38 


0.8155 

0.3973 

CG2705 

54 

4.9 

20 

54 

5.7 


0.3754 

38 


0.7095 

0.5191 

CG6240 

17 

1.9 

20 

17 

1.9 


-0.5922 

38 


0.5572 

0,9990 

CG6250 

25 

1.8 

20 

24 

2.2 


-1.4787 

38 

1.4081 

0.1475 

0.4627 


The AlO results obtained using the 2x15 mm measuring head were statistically different fi-om 
both the PPM 100 and the AlO fitted with the 1 x 2 cm measuring head for samples CG6240 and 
CG6250. 


AlO - Comparison of Measuring Heads 



2 X 15mm Head 

Mean SD N 

1 X 2cm Head 

Mean SD N 

t-value 

df 

F-ratio 

variances 

Instrument 
Effect (p) 

Equal 

Variance (p) 

CGI 591 

35 

4.4 


I 34 

3.7 


-1.1810 

38 

1.4184 

0.2450 



53 

8.7 


54 

5.7 


0.5484 

38 

2.3142 

0.5866 



2i 

2.9 


17 

1.9 


-5.6769 

38 

2.3919 

0.0000 



29 

3.7 


24 

2.2 


-5.4351 

38 

2.8292 

0.0000 



PPM 100 with 1 X 2 cm Head and AlO with 2 x 15 mm Head 



PPM 100 

1 X 2cm Head 

Mean SD N 

AlO 

2x15mm Head 

Mean SD N 

t-value 

df 

F-ratio 

variances 

instrument 
Effect (p) 

Equal 

Variance (p) 

CG1591 

34 

3.0 

20 

35 

4.4 

20 

1.0595 

38 

2,1050 

0.2961 


CG2705 

54 

4.9 

20 

53 

8.7 

20 

-0.2878 

38 

3.1247 

0.7750 



17 

1.9 

20 

21 

2.9 

20 

5.2227 

38 

2.3934 

0.0000 



25 

1.8 

20 

29 

3.7 

20 

4.6254 

38 

3.9838 

0.0000 



Conclusions 

Following the recent reduction in input air pressure (from 6 bars to 4 bars), the Borgwaldt AlO 
permeability testers in PTL and CP&PD continue to produce comparable results for PaperSelect® 
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Source: https://www.industrydocuments.ucsf.edu/docs/lylk0001 



















Table 2 


Comparison of PTL’s AlO and PPM 100 




Sample 

Inst. 

Head 

PPM 

1 x2 

cm 

Ce^t5l9 

AlO 

1x2 

cm 

AlO 

2x 15 

mm 

PPM 

1 X 2 

cm 

CG2705 

AlO 

1x2 

cm 

AlO 

2x 15 

mm 

PPM 

1x2 

cm 

CG6240 

AlO 

1 x2 

cm 

AlO 

2x 15 

mm 

PPM 

1x2 

cm 

CG6250 

AlO 

1x2 

cm 

AlO 

2x 15 

mm 

1 

34.5 

41.8 

39.7 

53.7 

59.0 

50.0 

19,2 

16.6 

26.9 

23.9 

26.3 

28.1 

2 

35.1 

38.3 

28.5 

49.4 

64.0 

71.5 

18.3 

21.3 

24.5 

24.4 

22.6 

29.1 

3 

31.6 

38.5 

37.9 

54.9 

44.0 

44.0 

17.3 

19.2 

26.2 

24.6 

23.0 

26.6 

4 

31.6 

35.2 

33.4 

53.3 

55.0 

61.2 

16.8 

15.3 

19.5 

21.8 

21.8 

25.5 

5 

31.7 

32.9 

39.5 

62.6 

52.0 

49.2 

21.7 

19.3 

20.0 

26.6 

23.6 

25.1 

6 

32.3 

30.2 

39.8 

57.5 

57.0 

57.6 

15.3 

18.9 

20.4 

27.3 

24.8 

30.8 

7 

30.0 

30.5 

36.1 

45.0 

65.0 

73.3 

15,0 

15.2 

19.6 

24.5 

28.1 

30.7 

8 

35.3 

40.5 

37.2 

52.5 

52.0 

49.4 

18,0 

17.3 

18.3 

23.4 

23.4 

28.7 

9 

41.3 

32.7 

35.9 

48.7 

48.0 

52.5 

17.9 

14.5 

17.2 

24.1 

25.1 

30.6 

10 

33.5 

34.1 

36.1 

51.9 

49.0 

52.8 

16.6 

17.7 

26.3 

25.7 

21.6 

29.5 

11 

36.1 

33.3 

36.0 

50.7 

60.0 

60.8 

16.0 

15.3 

23.2 

24.0 

23.1 

32.9 

12 

37.9 

32.3 

38.0 

58.9 

55.0 

45.0 

16.6 

16.6 

20.2 

29.5 

26.7 

29.3 

13 

31.7 

31.6 

40.3 

48.2 

52,0 

51.4 

17,3 

18.3 

17.9 

26.8 

23.2 

36.9 

14 

32.8 

31.1 

42.7 

65.4 

63.0 

54.1 

15,3 

17.0 

20.9 

27.4 

24.9 

23.9 

15 

34.2 

29.3 

36.0 

54.1 

47.0 

61.4 

15.4 

14.0 

22.5 

22.6 

20,2 

31.3 

16 

39.1 

30.9 

28.5 

57.8 

54.0 

46.1 

16.2 

17.4 

23.9 

24.5 

24.8 

29.2 

17 

34.6 

36.5 

33.0 

54.3 

53.0 

44.6 

17.7 

17.6 

20.5 

24.7 

24.3 

36.6 

18 

30.9 

34.3 

26.9 

54.0 

57.0 

48.1 

15.7 

14.4 

19.0 

23.8 

28.1 

30.0 

19 

31.1 

34.8 

31.1 

49.7 

51.0 

46.6 

20.9 

16.9 

20.0 

25.8 

20.8 

25.8 

20 

37.2 

28.7 

31.1 

53.8 

52.0 

44.0 

19.5 

16.9 

20.1 

23.8 

24.0 

23.2 

Avg. 

34.1 

33.9 

35.4 

53.8 

54.5 

53.2 

17.3 

17.0 

21.4 

25.0 

24.0 

29.2 

SD 

3.0 

3.7 

4.4 

4.9 

5.7 

8.7 

1.9 

1.9 

2.9 

1.8 

2.2 

3.7 


6 
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